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The metastable decompositions of trimethylsilylmethanol, (CH3)3SiCH2OH (MW: 104, 1) and
methoxytrimethylsilane, (CH3)3SiOCH3 (MW: 104, 2) upon electron ionization have been
investigated by use of mass-analyzed ion kinetic energy (MIKE) spectroscopy and D labeling.
The metastable ions of 1z1 decompose to give the fragment ions m/z 89 (CH3
z loss) and 73
(zCH2OH loss), whereas those of 2
z1 only yield the fragment ion m/z 89 (CH3
z loss). The latter
fragment ion is generated by loss of a methyl radical from the trimethylsilyl group via a simple
cleavage reaction as shown by D labeling. However, the fragment ions m/z 89 and 73 from 1z1
are generated following an almost statistical exchange of the original methyl and methylene
hydrogen atoms in the molecular ion as shown also by D labeling. This exchange indicates a
complex rearrangement of the molecular ion of 1z1 prior to metastable decomposition for
which as key step a 1,2-trimethylsilyl group migration from carbon to oxygen is suggested. A
different behavior is also found between the source-generated m/z 89 ions from 1z1 which
decompose in the metastable time region to give ions m/z 61 by loss of ethylene and those
from 2z1 which decompose in the metastable region to yield ions m/z 59 by elimination of
formaldehyde. (J Am Soc Mass Spectrom 1998, 9, 1029–1034) © 1998 American Society for
Mass Spectrometry
Unimolecular decompositions of ionic organosili-con species generated by electron ionizationhave been studied extensively [1]. Various in-
teresting rearrangement reactions of such species have
been observed upon fragmentation [1, 2]. By using
mass-analyzed ion kinetic energy (MIKE) spectrometry
and D labeling, we have investigated the electron
ionization induced fragmentations of some organosili-
con compounds and have compared the obtained re-
sults with those for the corresponding carbon analogs
[3]. In these studies very complex fragmentation path-
ways have been observed, even for simple organosili-
con compounds.
The fragmentation pathways of the ionized simple
organosilicon compound methoxytrimethylsilane
(CH3)3SiOCH3 (MW: 107, 2) were reported three de-
cades ago [4], but very little detail was provided.
Negative ion/molecule reactions of 2 have been re-
ported more recently [5, 6]. However, to the authors’
knowledge, the fragmentation mechanism of trimethyl-
silylmethanol (CH3)3SiCH2OH (MW: 104, 1), which is
an isomer of 2, has not been investigated yet. In this
paper, the fragmentation mechanisms of 1z1 are dis-
cussed on the basis of MIKE spectrometry and D-
labeling studies. The results are compared with those
obtained for the molecular ion of its isomer 2.
Experimental
The standard mass, MIKE, and collision-induced disso-
ciation (CID) spectra were obtained with a JEOL JMS
HX 100, 3-sector (EBE) type instrument. Samples were
introduced via a heated (100 °C) inlet system from
which they were leaked into the ion source. The ion
source temperature was 180 °C. The electron energy
was 70 eV, and the ion accelerating voltage was 5 kV.
The kinetic energy release (KER) values were estimated
from the width of the metastable peaks at half height [7]
obtained with use of a modified Hitachi RMU-7M
double focusing mass spectrometer (reversed geome-
try). The CID spectra were measured following reduc-
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tion of the main beam intensity to ;30% of its original
value with use of N2 as collision gas.
Samples 1 and 2 were research grade products from
Shin-Etsu Chemical Industry (Tokyo, Japan). The D-
labeled isotopomers (CD3)3SiCH2OH (MW: 113, 1-d9)
and (CH3)3SiOCD3 (MW: 107, 2-d3) were synthesized in
our laboratory according to standard procedures via
reactions (1) to (3) and (4), respectively.
Cl3SiCH2Cl13 CD3Mgl3 (CD3)3SiCH2Cl1
3 MgClI (1)
(CD3)3SiCH2Cl1
CH3COONa3 (CD3)3SiCH2OCOCH31
NaCl (2)
(CD3)3SiCH2OCOCH31
NaOH3 (CD3)3SiCH2OH (1-d9)1
CH3COONa (3)
(CH3)3SiCl1
CD3OH
C2H5NH2
3 (CH3)3SiOCD3 (2-d3)1
HCl (4)
The other D-labeled isomers, (CH3)3SiCH2OD (MW:
105, 1-d1) and (CD3)3SiCH2OD (MW: 114, 1-d10) were
obtained by repeated exchange of 1 and 1-d9 with D2O.
Results and Discussion
The Metastable Fragmentation of the Molecular
Ions of 1 and 2
Figure 1 shows the MIKE spectra of the molecular ions
of 1 and 2. In the metastable time region, 2z1 eliminates
essentially exclusively a methyl radical. Metastable 1z1
also eliminates a methyl radical, but a competing frag-
mentation occurs as well, resulting in the expulsion of a
neutral species with the elemental composition of
CH3O (ratio of CH3
z : zCH2OH loss 5 6.8:1)
The MIKE spectra of the molecular ions of the
isotopomers 1-d1, 1-d9, 1-d10, and 2-d3 (see chart 1 for
structures) are shown in Figure 2. The peak because of
the m/z 89 ion from 2z1 shifts fully to m/z 92 in the
MIKE spectrum of 2-d3
z1 (see Figure 2d). This means
that the eliminated CH3
z radical originates exclusively
from the trimethylsilyl group.
The presence of the peak at m/z 73 and absence of a
peak at m/z 74 in the MIKE spectrum of 1-d1
z1 (see
Figure 2a) show that the hydroxyl hydrogen is fully
incorporated in the eliminated neutral zCH2OH species.
Interestingly, this spectrum also indicates that about
75% of the eliminated neutral methyl radical contains
the hydroxyl hydrogen. The latter observation suggests
that the elimination of a methyl radical obviously is not
a simple cleavage reaction. This is further corroborated
by the MIKE spectra of 1-d9
z1 and 1-d10
z1 given in Figure
2b, c, respectively. Both spectra show similar peak
patterns (and peak intensity ratios) at m/z 96 and 97,
corresponding to the eliminations of CHD2
z and CH2D
z
from metastable 1-d9
z1 and of CD3
z and CHD2
z from
metastable 1-d10
z1, respectively. It can, therefore, be con-
cluded that in these eliminated partially deuterated
methyl radicals the original hydroxyl hydrogen is fully
incorporated. A similar conclusion can be drawn for the
expulsion of the zCH2OH species on the basis of the
practically identical pattern of peaks (and peak inten-
sity ratios) at m/z 80 and 81 in the MIKE spectra of 1-
d9
z1 and 1-d10
z1 (see Figure 2b, c, respectively). In addi-
tion, the elimination of the zCH2OH species, like that of
the methyl radical, is also not a simple cleavage reac-
tion. If a statistical exchange of hydrogen and deute-
rium atoms between the methyl and methylene groups
in the molecular ions of 1-d9
z1 and 1-d10
z1 occurs prior to
Figure 1. MIKE spectra of the molecular ions of (a) trimethylsi-
lylmethanol, 1, and (b) methoxytrimethylsilane, 2, generated by 70
eV electron ionization.
Chart 1
1030 SEKIGUCHI ET AL. J Am Soc Mass Spectrom 1998, 9, 1029–1034
the methyl and zCH2OH (subsequently denoted as
CH3O
z) expulsions, then both for 1-d9
z1 and 1-d10
z1 the
ratio of 36:18:1 is expected for the losses of CHD2
z /
CH2D
z/CH3
z and CHD2O
z/CH2DO
z/CH3O
z and of CD3
z /
CHD2
z /CH2D
z and CD3O
z/CHD2O
z/CH2DO
z, respec-
tively. This ratio is observed experimentally, see the
corresponding peaks at m/z 96/97/98 and at m/z
80/81/82 in Figure 2b, c, whose intensity ratios are
36:17.1:0.9 and 36:18.9:0.9 for 1-d9, and 36:22.7:1.3 and
36:18.0:0.8 for 1-d10, respectively.
An explanation for the exchange of hydrogens be-
tween the methyl and methylene groups in 1z1 is
presented in Scheme 1.
In this scheme, a 1,2-shift of the trimethylsilyl group
from carbon to oxygen is proposed to give the distonic
[8] ion a. This step is energetically favorable because of
the Si–O bond formation. Indeed, on the basis of PM3
calculations, the heat of formation of ion a (393 kJ
mol21) is estimated to be about 43 kJ mol21 lower than
that of 1z1 (436 kJ mol21). The hydrogen atom exchange
discussed above can then be achieved by equilibrating
the distonic ions a and b (411 kJ mol21) via a reversible
1,4-H shift, the latter having a heat of formation that is
approximately 25 kJ mol21 lower than that of 1z1,
according to PM3 calculations. Subsequently ion a can
eliminate a hydroxymethyl radical to give ion c, m/z 73
and ion b eliminates a methyl radical to give ion d, m/z
89 (see Scheme 1). It should here be noted that a similar
1,2-shift of the trimethylsilyl group from silicon to
oxygen has been proposed prior to the loss of a methyl
radical from the molecular ion of methoxypentamethyl-
disilane [9]. In addition, it has been shown recently that
in the fragmentation of bis(trimethylsilyl) ethers of diols
separated by rigid groups the trimethylsilyl group
readily migrates from oxygen to oxygen over the carbon
skeleton [10].
Support for the proposed reactions in Scheme 1 is
further obtained from comparison of the MIKE spec-
trum of 1z1 with that of 1-d1
z1 and of 1-d9
z1 with that of
1-d10
z1 (see Figures 1 and 2). These spectra show that the
relative abundances of the ions because of methyl
expulsion are lower for 1-d1
z1 and 1-d10
z1 than for 1z1 and
1-d9
z1. This observation indicates an isotope effect [10]
for the methyl elimination from the distonic ion b, that
is, reaction b3 d in Scheme 1, upon substitution of the
hydroxyl hydrogen by deuterium. From the ion abun-
dance ratios ([m/z 89]/[m/z 73])1/([m/z 89]1[m/z
90])/[m/z 73]1-d1 and ([m/z 96]1[m/z 97])/([m/z
80]1[m/z 81])1-d9/([m/z 96]1[m/z 97])/([m/z 80]1
Figure 2. MIKE spectra of the molecular ions of (a) 1-d1, (b) 1-
d9, (c) 1-d10, and (d) 2-d3, generated by 70 eV electron ionization.
Scheme 1. Proposed mechanisms for the losses of CH2OH
z and
CH3
z from the metastably decomposing molecular ions of trimeth-
ylsilylmethanol, 1, on the basis of D labeling (see further text).
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[m/z 81])1-d10 the intermolecular primary isotope ef-
fects are estimated to be 3.9 and 4.3, respectively. These
values are nearly identical within the experimental
error and are in good agreement with other reported
isotope effects [11].
Finally it should be noted, that within the hydrogen/
deuterium exchange model presented above, the minor
ions due to CH3
z expulsion from 1-d1
z1 (peak at m/z 90
in Figure 2a) and CD3
z expulsion from 1-d9
z1 (peak at
m/z 95 in Figure 2b) are not explained. These minor
expulsions, however, may well be because of simple
cleavage directly at the trimethylsilyl group of the
corresponding unrearranged molecular ions (see also
next section). This view is supported by the observation
that the ratio for the losses of CH3
z and CH2D
z in the
spectra of 1-d1
z1 increases at shorter ion lifetimes [0.33 in
the 3rd field free region (FFR), 0.87 in the 2nd FFR, and
1.96 in the source]. Moreover, the KER values deter-
mined as described earlier [3d, 7] and accompanying
the losses of CH3
z and CH2D
z from 1-d1
z1 are 31.3 and
85.8 meV, respectively. These results also support that
the former loss is a simple cleavage, and that the latter
elimination is a rearrangement reaction [11].
Fragmentation of the (M 2 CH3)
1 Ions from 1
and 2
Figure 3 shows the MIKE spectra of the m/z 89 ions
from 1 and 2, the m/z 95 ion from 1-d9 and the m/z 92
ion from 2-d3.
The metastable m/z 89 ion from 1 eliminates a
neutral species of 28 u to give the m/z 61 ion, whereas
that from 2 expels a molecule of 30 u to give the m/z 59
ion (see Figure 3a, b, respectively). This very different
behavior suggests strongly that the source generated
(M 2 CH3)
1 ions from 1 and 2 decompose via different
intermediates.
As noted at the end of the previous section, a minor
part of 1z1 still in the original, unrearranged structure,
may well eliminate in the metastable time region a
methyl radical of the trimethylsilyl group. This is cor-
roborated by the fact that in the standard 70-eV mass
spectrum of 1-d1 the peak because of the m/z 89 ion
from 1 has shifted to a large extent (.66%) to that of
m/z 90. This means that the source generated ions m/z
89 are formed prior to the hydrogen atom exchange
discussed in the previous section; that is, from unrear-
ranged 1z1. The initial structure of the metastably de-
composing (M 2 CH3)
1 ion from 1 is therefore plausi-
bly the three-membered ring ion e in Scheme 2.
The peak at m/z 61 in the MIKE spectrum of the
m/z 89 ion from 1 shifts fully to that of m/z 65 in the
MIKE spectrum of the m/z 95 ion from 1-d9 which
corresponds to the elimination of CH2CD2 (see Figure
3a, c, respectively). Taking into account the elimination
mechanism of ethylene from the trimethylsilyl ion
(CH3)3Si
1 proposed by Herald and Futrell [12], we give
a very probable mechanism for this elimination in
Scheme 2. In ion e, a 1,2-methyl shift from Si to the
methylene carbon atom is proposed to occur concomi-
tant with ring opening to give ion f. Eventually from ion
f, ethylene is eliminated to give ion g, the silicon analog
of protonated acetaldehyde. The peak at m/z 59 in the
MIKE spectrum of the m/z 89 ion from 2 shifts com-
pletely to that of m/z 60 in the MIKE spectrum of the
m/z 92 ion from 2-d3 (see Figure 3b, d, respectively).
This means that the m/z 89 ion from 2z1 expels a
molecule of formaldehyde via a four-membered transi-
tion state [4] hydrogen rearrangement as visualized in
Scheme 3.
From the results and discussion presented above, it
may be concluded that the metastably and source-
generated m/z 89 ions from 1z1 have different ion
structures; that is, ion d (Scheme 1) and ion e (Scheme
2), respectively. Actually, ion d has the same structure
Figure 3. MIKE spectra of the m/z 89 ions from (a) 1 and (b) 2,
the m/z 95 ions from (c) 1-d9, and the m/z 92 ions from (d) 2-d3
generated by 70 eV electron ionization.
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as that of the (M 2 CH3)
1 ion of 2z1; that is, both the
metastably and source-generated ion h (Scheme 3). This
is fully confirmed by the CID spectra of the metastably
and source-generated m/z 89 ions from 1z1 and 2z1
presented in Figure 4.
This Figure indeed shows that the CID spectrum of
the metastably generated m/z 89 ion from 1z1 (Figure
4a) is similar to those of the metastably and source-
generated m/z 89 ions from 2z1 (Figure 4c, d) and
essentially different from that of the source-generated
m/z 89 ion from 1z1 (Figure 4b).
Conclusions
Notwithstanding the fact that trimethylsilylmethanol, 1,
is a very simple organosilicon compound, its electron
ionization induced metastable fragmentation is very com-
plex. This is because of the rearrangement of the original
molecular radical cation structure into that of a distonic
radical cation via a 1,2-shift of the trimethylsilyl group
from the carbon atom to the oxygen atom. The driving
force for this rearrangement is the Si–O bond formation.
This makes the in this paper described subsequently
complex fragmentation behavior of metastably decom-
posing 1z1 essentially different from that of metastably
decomposing 2z1, which already contains a Si–O bond.
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